The present study
Chemicals MNU was purchased from Sigma Chemical Co., St Louis and dissolved in distilled water at a concen tration of 100 ppm. Rats were given this solution in light-opaque bottles as their drinking water for 15 weeks. The MNU solution was changed at 3 to 4 day intervals.
Experimental design
Animals were divided into 3 groups. In Group 1, MNU was given alone. In Group 2, LID was added after MNU treatment. In Group 3, animals received LID without the prior carcinogen. All had free access to food and water throughout.
Examination of animals
All animals were regularly observed and killed upon observation of paralysis of one or two legs or at the termination of the experiment 36 weeks after the start of MNU treatment. At the time of necropsy, the body, liver, and other major organs were weight and prepared for histopathology. Table 2 ). The first sarcoma had appeared by 120 days from the beginning of MNU treatment in Group 2. A thymic lymphoma was detected at 126 days, both adenocarcinoma of the glandular stomach and thy roid adenoma were observed at 140 days and paralysis of both legs appeared at 149 days. In Group 1, the first thymic lymphoma was detected at 150 days from the beginning of MNU treatment and a thyroid tumor was observed at 153 days. In Group 3 a thyroid tumor was detected at 245 days. Incidences of total tumors were 100, 94, and 14% in Groups 1-3, respec tively at the 36 week time-point. Spinal cord tumors (Fig. 2) , thymic lymphomas (Fig. 3) , and gastric tumors (Fig. 4) were the predominant lesions in the MNU-treated groups. Brain tumors also developed as well as sarcomas. Although the incidences of lesions other than those in the thyroid did not significantly differ between the MNU-treated groups, that for thyroid carcinomas (Fig. 5, 6 ) in Group 2 was significantly increased as compared to the Group I value (P<0.01) ( Table 3 ). Cumulative incidence curves of thyroid tumors in Group 2 also indicated a significantly earlier appearance than in Group 1 ( Fig.  1 ) and the number of rats bearing 3 different tumors was also significantly elevated in Group 2 (P<0.01) (Table 4 ). Small numbers of thyroid lesions also developed in Group 3 from 250 days. Gastric tumors appeared in 30% and 31% of animals of Groups 1 and 2, respectively, without any significant infra-group difference. Morphologically, most were well-differentiated types with a few moder ate or poorly differentiated tupes. Larger sized Table 5 . Incidences of Nerve Tumors nomas were also observed near the stomach in the abdomen. Brain tumors were diagnosed as oligodendroglioma (Table 5 ).
Discussion
Nerve and gastric tumors, as well as thymic lymphomas, predominated in the present experiment, in line with the results described previously1-4 Thus, MNU is a potent mutagen and direct acting carcinogen producing tumors in several species in a variety of organs. Shibutani et al.13 also reported anaplastic astrocytomas and glioblastomas can be induced in F344 rats given MNU in their drinking water. So that the carcinogen can clearly be absorbed across the gastrointestinal mucosa, and reach its target organs through the circulation.
In this present experiment, thyroid carcinomas were also induced, and their development was significantly increased and accelerated by a LID. Plasma TSH and thyroid weight have both been reported to increase in animals on restricted iodine diets. TSH is the primary hormonal mitogen of thyroid cells15 and stimulates proliferation of thyroid epithelium in vivo16,17 and in vitro18,19 There is growing evidence that locally produced growth fac tors also may play an important role in regulation of cell proliferation and differentiation in the thyroid. Recently we reported that gastric tumors in the ani mals with elevated serum growth hormone appeared earlier than in animals of normal GH level by using the same system in the present experiment14. The present system thus offers a good model for ascertain ing promoter function in carcinogenesis. 
